The prevalence of overweight and obesity in children and adolescents is increasing rapidly. In this population, behavioral therapy alone has had limited success in providing meaningful, sustained weight reduction, and pharmacological treatment has not been extensively studied.
T HE PREVALENCE OF OVERweight in adolescents is increasing worldwide. In the United States, the proportion of adolescents with a body mass index (BMI) at or above the 95th percentile for age, a widely accepted definition of obesity in adolescents, 1,2 has increased 15.5% to 23.4% in certain ethnic minorities. 3 A similar picture is seen in European countries: the prevalence of overweight in adolescents has increased 8% to 21% in northern European countries and 17% to 23% in southern European countries. 4 Excess weight in adolescents is associated with an increased risk of disorders such as hyperlipidemia and type 2 diabetes 5 and can result in decreased emotional and physical quality of life. 6, 7 In addition, childhood obesity results in increased risk of morbidity and mortality in adulthood. 8, 9 Long-term follow-up studies of children and adolescents indicate that overweight children have a 15-fold greater risk of becoming overweight adults compared with those children and adolescents who were not overweight. 8 Effective weight management in children and adolescents may therefore have important immediate and future societal health benefits.
Treatment of obesity in the pediatric age group, and in particular during adolescence, 10 is notoriously difficult. While behavioral therapy has had some success in treating obesity in young children (aged 6-12 years), most stud-For editorial comment see p 2932.
ies have found that the long-term success of such therapy depends on the type of intervention used. [11] [12] [13] [14] It is possible that pharmacotherapy could play a significant role in improving the results obtained with behavioral therapy. Pharmacological treatments have not been extensively studied in children and adolescents although sibutramine plus behavioral therapy has previously been examined in a 1-year study in obese adolescents. 15 However, anorexiants that act on the central nervous system currently used in the treatment of adult obesity may not be appropriate in children and adolescents. 15, 16 Orlistat is a gastrointestinal tract lipase inhibitor which decreases intestinal fat absorption by up to 30%. In adults, it has a good safety profile, is generally well tolerated, has minimal systemic absorption, and produces clinically meaningful and sustained decreases in weight and BMI when combined with a mildly hypocaloric diet and exercise. [17] [18] [19] Orlistat is approved for use in weight management in overweight and obese adults in more than 120 countries and to date there have been more than 22 million pa-tients who have received the drug. Based on these clinical and safety characteristics in adult populations, it was believed that orlistat may be a useful adjunct to diet, exercise, and behavioral counseling in the treatment of obese adolescents. In December 2003, based partly on the unpublished results of the present study, the use of orlistat in an adolescent population at the dose of 120 mg 3 times daily was added to the approved label in the United States.
The primary objective of this study was to characterize the efficacy and safety of orlistat plus diet, exercise, and behavioral therapy in treating obese adolescents. Secondary objectives were to assess the impact of orlistat treatment on obesity-related risk factors, including waist circumference, lipid levels, blood pressure, and glucose and insulin responses to an oral glucose challenge.
METHODS

Participants
Participants were recruited at institutions with established pediatric obesity treatment programs and clinical research expertise. Patients were re-cruited through advertisements posted in clinics, through direct referrals from family physicians, or through spontaneous reply to newspaper advertising. Adolescents (aged 12-16 years) were eligible for enrollment if they (1) had a BMI (calculated as weight in kilograms divided by the square of height in meters) 2 units or higher than the US weighted mean for the 95th percentile based on age and sex 1 (2) had a parent or guardian prepared to attend study visits with them, and (3) were willing to be actively involved in behavioral modification. Because this was the first long-term study investigating the safety and efficacy of orlistat in the pediatric age group, 2 units were added to the 95th percentile of BMI at the request of the US Food and Drug Administration to ensure that only patients with the greatest potential for benefiting from study participation were included. Using these criteria, minimum BMI for inclusion ranged from 28.5 in boys and 29.5 in girls at 12 years to 31.8 and 31.9, respectively, at 16 years.
Exclusion criteria were BMI of 44 or higher (to increase homogeneity of the group); body weight of 130 kg or higher or less than 55 kg; weight loss of 3 kg or higher within 3 months prior to screening; diabetes requiring antidiabetic medication; obesity associated with genetic disorders; history or presence of psychiatric disease; use of dexamphetamine or methylphenidate; active gastrointestinal tract disorders; ongoing bulimia or laxative abuse; and use of anorexiants or weight-reduction treatments during the 3 months before randomization.
Study Design
We conducted a 54-week, multicenter, placebo-controlled study from August 2000 to October 2002 at 32 centers located in the United States and Canada. Following a 2-week, singleblind, placebo lead-in period, participants entered a 52-week, doubleblind treatment period in which they were randomized at a 2 to 1 ratio to receive 120 mg of orlistat or placebo 3 times daily (FIGURE 1). Placebo and orlistat capsules looked identical and, ex- cept for the active ingredient, had exactly the same composition. General guidelines for diet, exercise, and behavioral modification were supplied to all centers involved in the study (as detailed below), but each center remained free to use its own strategy. There was no study-specific assessment of the compliance with these general guidelines.
Screening included a physical examination consisting of Tanner stage assessment; vital signs and physical measurements (weight, height, waist and hip circumference); and clinical laboratory tests (hematology, blood chemistry, vitamin levels, glucose and insulin responses to a 2-hour oral glucose challenge). Following the placebo lead-in period, vital signs were taken and weight and height were measured every 2 weeks for the first 4 months, and then every month until the end of the study (18 visits in total). Waist and hip circumferences were measured every month for the first 4 months and then every 2 months until study end. Tanner stage was graded 1 to 5 after 6 and 12 months and based on breast development in girls and genital development in boys. Clinical laboratory tests were repeated on day 1 and after 3, 6, 9, and 12 months. Sex hormone measurements (estradiol, free testosterone, and sex hormone-binding globulin) were taken on day 1 and after 6 and 12 months. Blood samples were drawn in the morning following an overnight fast and all samples were analyzed by a central laboratory. Twelvelead electrocardiographic examinations, gallbladder and renal ultrasound examinations, and bone mineral content and body composition measurements (determined by whole body dualenergy x-ray absorptiometry for patients at centers that had such equipment) were performed at baseline among a subset of participants and at week 52. All radiology technicians followed specific guidelines to ensure that standard operating procedures were adhered to across all centers.
The study was conducted in accordance with good clinical practice, the Declaration of Helsinki, and the laws and regulations of the countries in which the research was conducted, whichever afforded greater protection to the individual. The study was approved by the institutional review board at each participating center. Written informed consent was received from the parents or guardians and written assent was received from each patient.
Diet
Participants were maintained on a nutritionally balanced, hypocaloric diet designed to produce an initial weight loss of 0.5 to 1.0 kg per week. The caloric distribution of the diet was 30% as fat (10% saturated, 10% monounsaturated, and 10% polyunsaturated; Յ70 g/d maximum), 50% as carbohydrate, and 20% as protein. Maximum intakes of cholesterol and calcium were 300 mg/d and 1300 mg/d, respectively. The caloric intake prescribed in this study was calculated to provide a reduction in estimated caloric requirements of approximately 40%. Caloric requirements were determined by sex and baseline body weight, using estimates of total energy requirements based on the World Health Organization'sequationsforbasalmetabolic rate 20 and corrected for activity. Assigned caloric intake ranged from 1400 kcal/d (body weight Ͻ70 kg) to 1800 kcal/d (body weight Ͼ100 kg) in boys and from 1200 to 1600 kcal/d in girls. The daily caloric intake was adjusted during the double-blind treatment period if the participant reached a BMI of 22 or if the participant was losing weight too rapidly (Ͼ1 kg per week). At each study visit, the dietician spoke with the patient about compliance with diet. Participants in both treatment groups received a commercially available daily multivitamin supplement (Centrum Kids Extra Calcium; Wyeth Consumer Healthcare, Madison, NJ) throughout the active period of the study.
Behavioral Modification
All study centers had behavioral modification programs in place, but used a study-specific manual as a guideline. 21 Programs generally involved record-ing food intake and activity; limiting high-calorie and high-fat foods in the household; restricting food intake to the dining area at meal times; eating slowly; avoiding snacking; encouraging participants to understand their cues for overeating; and substituting new behaviors for overeating. Staff at the study centers were to support and reinforce behavioral modification techniques regularly.
Exercise Counseling
Guidelines were provided to encourage regular physical activity and reduce sedentary behavior. Strength, flexibility, and aerobic activities were included as part of the exercise plan wherever possible. A behavioral psychologist spoke with patients about compliance with the exercise program at each study visit.
Efficacy Parameters
The primary efficacy parameter was the change in BMI from baseline to study end (or study exit). Secondary efficacy parameters included change in body weight, levels of total, highdensity lipoprotein, and low-density lipoprotein cholesterol, ratio of lowdensity lipoprotein to high-density lipoprotein cholesterol, triglyceride levels, systolic and diastolic blood pressure, waist and hip circumference, glucose and insulin responses to an oral glucose challenge, and changes in body composition.
Safety Parameters
At each visit, the participant was systematically questioned by the investigator on the presence of gastrointestinal tract adverse effects, using a specially designed dictionary of standard terms for defecation patterns for reproducibility and consistency of reporting. Nongastrointestinal tract adverse events were noted by investigators at each clinic visit following general questioning. Any adverse event was discussed at each subsequent visit until resolution. For adverse events extending beyond the end of the study, the participant was contacted 4 weeks af-ter the last visit to assess the outcome. All adverse events were considered resolved at the time of the last contact with the participant. Other safety parameters that were directly measured included physical and sexual maturation, vitamin levels, sex hormone levels, gallbladder and renal structure, cardiac function, and bone mineral content.
Statistical Analysis
We planned to enroll at least 450 individuals to provide more than 80% power to detect a difference of 1 BMI unit, as-suming a 30% dropout rate. Patients were randomized centrally according to a computer-generated randomization schedule prepared by the study's sponsor, with stratification by body weight (Ͻ80 kg or Ն80 kg) on day 1 and by weight loss during the lead-in period (Ͻ1 kg or Ն1 kg). The allocation process was triple-blind; the allotted treatment group was obtained through an automated telephone system.
The safety population consisted of all randomized participants who received at least 1 dose of study drug and had at least 1 follow-up assessment. Ef-ficacy was assessed in a modified intentto-treat population, comprising all randomized participants with a baseline assessment and at least 1 postbaseline efficacy measurement. Efficacy analyses were performed using the last observation carried forward method for those who dropped out.
Primary and secondary efficacy analyses were performed using mixed-model analysis of variance. For the primary efficacy parameter, the analysis of variance model included change from baseline as the response variable, with treatment, 
RESULTS
Participants
A total of 539 patients were randomized (357 to orlistat and 182 to placebo; Figure 1 ). Similar proportions of participants in each treatment group completed the study (65% for orlistat and 64% for placebo). The baseline characteristics of those who dropped out were similar to those participants who completed the study in each treatment group (TABLE 1) . A total of 190 participants did not complete the study. Reasons for noncompletion were similar for the 2 groups ( Figure 1 ). Mean study drug compliance rates, assessed by pill counts, were 73% for orlistat and 72% for placebo. Two hundred fifteen participants in the orlistat group and 107 in the placebo group underwent dual-energy x-ray absorptiometry. Demographic and clinical characteristics of the safety population were similar for the orlistat and placebo groups (Table 1) . Overall, 25.3% of participants at randomization had the metabolic syndrome using the Adult Treatm e n t P a n e l I I I c r i t e r i a . 2 3 F e w participants had elevated blood pressure (Ͻ3%); the proportions of participants with elevated levels of lowdensity lipoprotein cholesterol or triglycerides, impaired glucose toler-ance, or type 2 diabetes were also low (TABLE 2). Most participants had an elevated waist circumference or high fasting insulin levels ( Table 2) .
Primary Efficacy Result
During the first 12 weeks after randomization, both groups experienced a mean decrease in BMI. Subsequently, the BMI tended to stabilize in the orlistat group, but increased to beyond baseline in the placebo group (FIGURE 2). By the end of the study, the least-squares mean BMI of participants treated with orlistat had decreased from baseline by 0.55 and increased by 0.31 in the placebo group (P = .001; TABLE 3). There was no significant center by treatment interaction (P = .81), indicating that the treatment effect across centers was similar. Compared with 15.7% of the placebo group, 26.5% of orlistattreated participants had a 5% or higher decrease in BMI and 4.5% of the placebo group and 13.3% of the orlistat group had a 10% or higher decrease in BMI (Table 3) .
Secondary Efficacy Results
Compared with baseline, both groups lost weight during the first 4 weeks of the study, although participants receiving orlistat lost more weight ( Figure 2 ). Starting at week 4, participants treated with orlistat continued to lose weight steadily to a maximum weight loss at week 12. In contrast, placebo-treated participants' weight was stable during weeks 4 through 12. Subsequently, both groups regained weight, but the effect attributable to the drug (ie, the betweengroup difference in body weight) after 6 months was sustained.
No significant differences were found between the 2 groups with respect to changes in lipid or glucose levels. By the end of the study, 2-hour insulin levels for orlistat recipients were lower than at baseline, but the decrease was not significantly different from that in the placebo group (TABLE 4) . In contrast, participants treated with orlistat experienced significantly greater decreases from baseline to end point in both waist circumference and hip circumference than participants receiving placebo (Table 4 ). From baseline to study end, diastolic blood pressure decreased in participants treated with orlistat and increased in placebo recipients (P=.04; Table 4 ). There was no statistically significant change in systolic blood pressure in either treatment group.
Safety Results
In total, 97% of participants in the orlistat group and 94% in the placebo group reported at least 1 adverse event during the 1-year study. Twelve orlistat and 3 placebo participants discontinued treatment because of adverse events (Figure 1) ; the timing of participant withdrawals in the 2 groups was similar. The baseline characteristics of the participants who dropped out were similar to those of the participants who completed the study in each group (Table 1) . The most common adverse events were gastrointestinal tract-related; these were more c o m m o n i n t h e o r l i s t a t g r o u p (TABLE 5). The majority of participants reporting gastrointestinal tract adverse events reported 1 event. Gastrointestinal tract adverse events were mostly mild to moderate in intensity and led to discontinuation in 2% of the orlistat group. The decrease in BMI was not affected by gastrointestinal tract adverse events in the orlistat group.
Overall, 3% of participants in each group had at least 1 serious adverse event. The 5 serious adverse events in the placebo group were acute demy- Week EFFECT OF ORLISTAT ON WEIGHT AMONG ADOLESCENTS elinating encephalomyelitis, facial palsy, pneumonia, worsening of asthma, and pain in the right side (TABLE 6). The 11 serious adverse events in the orlistat group were pilonidal abscess, depression (n = 2), asthma attack, seizure, admission for repair of deviated nasal septum, appendicitis, cholelithiasis, gallbladder disorder followed by cholecystectomy, adenoidal hypertrophy, and aseptic meningitis. Only the symptomatic cholelithiasis that led to cholecystectomy in a 15-year-old girl treated with orlistat was considered possibly related to study medication by the investigators; the patient had lost 15.8 kg by the time of the adverse event. Ultrasound revealed multiple tiny gallbladder calculi but no gallbladder thickening, pericholecystic fluid, or dilated biliary tree. No patient developed acute cholecystitis during the study. One placebo and 10 orlistat recipients developed abnormalities during the study that were detected on electrocardiograms. None of these were believed to be related to the medication based on review by an independent cardiologist. Pulse (76/min) and QT segment length (410 ms) were similar in both groups and were not affected by the intervention. In general, levels of vitamins A, D, E and beta carotene were within the normal range and increased in both groups during treatment (TABLE 7) . The levels of estradiol among girls de-creased from baseline in the orlistat group compared with a slight increase in the placebo group (-7.5 pg/mL vs ϩ0.7 pg/mL; P=.05) at study end. There was no significant difference in height gain between groups (Table 3 ). Participants in both groups experienced normal sexual maturation, as shown by changes in Tanner stage over the 52 weeks of the study (TABLE 8) .
In the orlistat group, 14 participants had a baseline abnormality revealed by gallbladder ultrasound, including 8 participants with fatty liver infiltration or hepatomegaly and 3 participants with gallstones. Of these, 2 patients still had gallstones at the end of the study; the third patient did not have a follow-up examination. At the end of the study, 6 participants in the orlistat group were found to have asymptomatic gallstones not seen at baseline; 5 of these patients had lost large amounts of weight (8.2-29.4 kg) and 2 were siblings. Another patient had multiple gallstones on ultrasound at day 167 after a 15.8-kg weight loss and had a subsequent cholecystectomy.
In the placebo group, 8 participants had a baseline abnormality, including 4 who had a fatty liver, 1 who had previously had a cholecystectomy, and 2 with gallstones that were still evident at the final visit. At the end of the study, 1 participant in the placebo group was found to have gallstones not seen at baseline. Ultra-sound also identified 2 additional new renal abnormalities in the orlistat group (mild left hydronephrosis and 6-mm echogenic focus without evidence of renal calculus).
In the subgroup of participants undergoing dual-energy x-ray absorptiometry evaluation, bone mineral content (ϩ182 g in the orlistat group and ϩ177 g in the placebo group) and bone mineral density (ϩ0.04 g/cm 2 in both groups) increased similarly in the 2 treatment groups independently of sex. Participants in the orlistat group (ϩ2312 g) gained a similar amount of fat-free body mass as those in the placebo group (ϩ2116 g). However, participants in the orlistat group lost significantly more fat mass than those in the placebo group (−2401 g in the or- 
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COMMENT
This study evaluates the use of orlistat, a lipase inhibitor, in the treatment of obese adolescents. In conjunction with a reduced-calorie diet, exercise, and behavioral modification, treatment with 120 mg of orlistat 3 times daily for 52 weeks statistically significantly decreased BMI, waist circumference, and body fat compared with placebo. This effect is probably due to the decrease in the absorption of fat and its associated calories. 24 Gastrointestinal tract adverse effects were observed more frequently with orlistat. In these 352 adolescents studied over a 1-year period, no major safety issues were raised. Orlistat has been shown to cause meaningful and sustained weight loss in overweight or obese adults when given at a dose of 120 mg 3 times daily and combined with a mildly reduced-calorie diet for up to 4 years. [17] [18] [19] 25 Because of the nonsystemic mechanism of action of orlistat, it was considered a logical choice for study in the obese pediatric population. In the current study, the same dosage of orlistat was associated with a statistically significant decrease in BMI over the course of 1 year in contrast to a BMI increase in the placebo group. This result must be interpreted considering the characteristics of an adolescent rather than an adult population. Because adolescents' bodies are growing and acquiring muscle, bone, and skin, accurately quantifying the effects of weight management therapy in adolescents requires the use of ageand sex-corrected growth curves and BMI values. 22 Second, adolescents represent a notoriously difficult-to-treat population. In the absence of intervention, overweight and obese adolescents can continue to gain weight rapidly well into adulthood. For instance, while only 10% of 10-to 15-year-old children and adolescents with a BMI below the 85th percentile will become obese adults, the vast majority (83%) of those with a BMI greater than the 95th percentile will become obese adults. 26 Finally, the prevalence of metabolic syndrome among obese children and adolescents has been shown to increase faster with more rapid weight gain, and the onset of cardiovascular complications may also be more rapid when type 2 diabetes develops in adolescence rather than in adulthood. 5 In obese adolescents, slower weight gain has been associated with delayed development of complications such as type 2 diabetes over a 2-year period, 27 suggesting that a therapeutic approach that contributes to decreased weight gain is important.
Body mass index decreased with orlistat but increased with placebo. T h e r e l a t i o n s h i p b e t w e e n t h e changes in BMI and body composition is explained through the dualenergy x-ray absorptiometry results obtained from a subset of our study population. The increase in fat-free mass and bone mineral content was similar in both groups, reflecting normal growth. In contrast, change in fat mass was markedly different between groups. In the subset with dual-energy x-ray absorptiometry measurements, the placebo group experienced an increase in body weight (ϩ1.68 kg) with a decrease of 0.6 kg in fat mass while the orlistat group experienced a decrease in b o d y w e i g h t ( − 0 . 3 5 k g ) a n d a decrease of 2.53 kg in fat mass. Thus, the difference in absolute weight experienced by participants receiving orlistat was mostly due to a loss in fat mass, suggesting a favorable change in body composition.
Orlistat treatment resulted in decreases in weight of 2.61 kg and in BMI of 0.86. Although the latter is lower than the power goal of the study, it is within the 95% confidence interval of the difference (0.37-1.34). This improvement in BMI was similar to that observed after 1 year in 5 major placebo-controlled studies in adults (between-group BMI difference of -0.74 to -1.32 in favor of orlistat [data on file]). Compared with 15.7% of the placebo group, 26.5% of the orlistat group had a 5% or higher decrease in BMI; and 4.5% and 13.3%, respectively had a 10% or higher decrease in BMI. These values are similar to those reported in studies of obese adults without severe comorbidities in which orlistat-treated participants were up to 2.0 times more likely to experience a 5% or higher decrease in weight than placebo recipients and up to 2.5 times more likely to experience a 10% or higher decrease in weight than placebo recipients. 28 We attempted to clarify the baseline characteristics of those patients achieving these decreases. While the study was not powered to address this question, these descriptive data may enhance the design of future studies attempting to predict which participants will benefit most from pharmacotherapy. Within the orlistat group, 35% of participants were male, as were 32% of participants achieving a less than 5% decrease in BMI; males accounted for 41% of the participants achieving a 5% or higher decrease in BMI and 44% of those achieving a 10% or higher decrease in BMI. Blacks represented 19% of patients assigned to orlistat at baseline and 21% of those in the orlistat group who had a less than 5% decrease in BMI; blacks accounted for 18% of those achieving a 5% or higher decrease in BMI and 7% of those achieving a 10% or higher decrease in BMI. Thus, from this study, orlistat appears to have similar efficacy in males and females and there is no evidence of any influence of ethnic origin. Baseline age and BMI were not predictive of a greater decrease in BMI over the duration of the study. In contrast, a weight loss of greater than 5% after 12 weeks of orlistat treatment was associated with a decrease of 7.6 kg or a decrease in BMI of 3.7.
Secondary efficacy parameters, including lipid and glucose levels and diastolic and systolic blood pressure, were mostly normal at baseline. This contrasts with an earlier, pilot study of weight loss with orlistat in 20 adolescent participants, in which obesity was extremely severe (mean BMI, 44 ), and obesity-related metabolic risk factors (hypertension, sleep apnea, abnormalities in lipid levels, and glycemic control) were more frequent. 29 As such, orlistat generally demonstrated minimal effects on these metabolic risk factors, although it did significantly reduce waist circumference and diastolic blood pressure compared with placebo.
In this 1-year trial, orlistat did not raise any safety issues, and the adverse event profiles-except for gastrointestinal tract adverse events-were similar between the orlistat and placebo groups. However, the efficacy and tolerability of orlistat for more than 1 year of treatment has only been confirmed in adults. [17] [18] [19] [30] [31] [32] Additional longerterm studies in a larger number of adolescents will be needed to confirm the safety of orlistat in this population. Gastrointestinal tract adverse events were reported by a higher proportion of orlistat-treated participants than placebo recipients, although the majority of the participants did experience a specific adverse event only once; these adverse events were generally mild to moderate in intensity and may relate to the mechanism of action of orlistat. 33, 34 However, they did not affect outcome as shown by similar BMI decreases in orlistat-treated participants with or without gastrointestinal tract adverse events. Gastrointestinal tract adverse events also occurred in a small percentage of placebo recipients, which has been previously reported in adult studies. This is consistent with the specific questioning for named gastrointestinal tract adverse events and also the known occurrence of gastrointestinal tract adverse events in obese patients not receiving any pharmacotherapy. 35 There were no clinically relevant differences in any of the laboratory tests between the 2 groups. Fat-soluble vitamins A, D, E, and beta-carotene increased in both groups at the end of the study as expected with daily multivitamin supplementation.
Levels of the sex hormones, estradiol, free testosterone, and sex hormone-binding globulin were also assessed. The only notable difference between treatment groups was the greater decrease in estradiol levels in girls treated with orlistat rather than placebo. This is consistent with the known effect of weight loss on estradiol levels in adolescent girls. 36 In our study, girls treated with orlistat had greater decreases in BMI and lost more weight than those receiving placebo.
It is well established that there is an increased incidence of gallstones in obese adults and adolescents. 37 In adults, gallstones are more frequent in females than males and this is mirrored in adolescents. 38 In adults, both excess weight and rapid weight loss are associated with gallstone development. In our study, placebo recipients, who generally did not have significant weight reductions from baseline, did not develop gallstones. In contrast, a greater proportion of orlistattreated participants achieved significantly greater weight loss from baseline and would therefore be at higher risk of developing gallstones. At study end, 6 of the orlistat-treated participants, all girls aged 13 to 15 years with a mean weight loss of 17.6 kg, had asymptomatic cholelithiases identified on ultrasound. Five of these participants developed gallstones during the study and 1 additional participant already had a cholecystectomy prior to study entry. However, the absence of gallstone formation in orlistat-treated participants who had BMI decreases without large weight reductions suggests that gallstone development was related to weight loss and not to the intrinsic effect of orlistat. Indeed, previous studies have shown no increase in the lithogenic index of bile and no evidence of microcrystal formation in the gallbladder with orlistat treatment. 33 There were no cases of acute cholecystitis, although 1 patient who lost approximately 15 kg and was taking oral contraceptives had symptomatic cholelithiasis and a subsequent cholecystectomy.
Certain limitations of this study should be considered. First, diet, exercise, and behavioral modification were not standardized. However, the ab-sence of a significant center by treatment interaction suggests that the treatment effect across centers was similar. Second, the study was performed in a predominantly white population and as is common in such studies, 39 most participants were female. The average participant was at the 98th percentile for BMI, a significant degree of obesity, so it is not known if less obese adolescents would achieve similar results. The present study excluded participants with certain characteristics more likely to be associated with metabolic syndrome, although one quarter of the participants did have the metabolic syndrome at randomization. How these characteristics affect the generalizability of our results is not clear. However, recent results in obese adults attending community weight clinics 40 or in general practice 41 were similar to those from double-blind, randomized trials. 17, 18 Third, the number of participants and the study duration do not allow adequate assessment of safety beyond 1 year. Fourth, quality of life was not investigated in this study, making an objective assessment of tolerability difficult. It should be noted that, although similar between groups, the dropout rate was 35% to 36%. This rate is well within that usually seen in obesity trials, particularly those of more than 1-year duration, in which dropout rates range from 10% to 80%. Trials of obesity therapies face the added problem of patients stopping treatment when weight loss plateaus in addition to the common issue of patient perseverance seen in most long-term trials. It would be useful in the future to study other adolescent populations for longer periods.
Study withdrawals were handled by the last observation carried forward method, which assumes that individual data at the time of drop out are representative of data at the end of the study if the participant had completed it. Therefore, the results of the study may be affected if participants with lower success drop out more often, or if the characteristics or timing of drop out differs between the 2 groups. How-ever, we have verified that this was not the case: the timing of drop out was similar in the 2 groups (P =.90; Mann-Whitney test), and similar primary efficacy results were obtained for completers (BMI difference between the orlistat and placebo groups at 12 months: 0.70, 95% confidence interval, 0.19-1.21; P = .007). In addition, baseline characteristics among participants who dropped out were similar to those of completers within each study group (Table 1) , and the timing of withdrawals was similar between the 2 groups. Taken together, these analyses show that last observation carried forward analysis did not affect the interpretation of our results.
We conclude that treatment with 120 mg of orlistat 3 times daily for 52 weeks, in conjunction with a reduced-calorie diet, exercise, and behavioral modification, statistically significantly improves weight management in obese adolescent participants. Body composition analysis showed that orlistat did not affect the normal increase in lean body mass physiologically observed in adolescents. In contrast, the weight difference between the placebo and orlistat groups was due to a difference in fat mass. In these 352 adolescents studied over a 1-year period, orlistat did not raise major safety issues and the adverse event profiles revealed that gastrointestinal tract adverse events were more common in the orlistat group. drug binding affinity in terms of the inhibitory constant (K i ) was calculated every time the drug molecule was moved. After repeating this procedure for all of the drugs for each protein, the 20 drugs with the lowest K i values were considered high-affinity drug candidates. Further details of the molecular dynamics simulation and docking protocols are available elsewhere. 5 Results. We predicted 20 multitarget drugs that showed high affinity across 2 or more proteins (FIGURE). Four are drugs approved by the US Food and Drug Administration for treatment of diseases other than malaria: KN62 (targeting 3 proteins), protoporphyrin IX, phthalylsulfathiazole, and sulfaphenazole (targeting 2 proteins each). The other 16 are experimental, each targeting up to 6 proteins. The best drugs in terms of multitarget functionality were STI-571 (targeting 6 proteins), bisindolylmaleimide x, GW8510, and Piper (targeting 5 proteins each). The best combination of 2 drugs was bisindolylmaleimide x and GW8510, which together target 10 Plasmodium proteins. An analysis of 3 known single-target antimalarial drugs against these proteins showed that our calculated K i s for these drugs compared well with experimentally determined values (when available) and that the inhibitory activity usually ranked within the top 5th percentile compared with our entire set of drugs (TABLE) .
Conclusions. Promising vaccines targeting multiple Plasmodium proteins have been evaluated. 9, 10 In a similar fashion, we propose designing new antimalarial drugs that simultaneously target multiple Plasmodium proteins. Our computational drug screening protocol provides evidence for 20 approved or experimental drugs that bind strongly to 13 Plasmodium proteins. We recommend that these drug candidates be experimentally tested for inhibition of Plasmodium growth and used as a starting point for further design of a high-efficacy multitarget antimalarial drug.
